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MULTILAYER CERAMIC CAPACITOR AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 10-2013-00082359 filed on Jan. 24, 2013, in

the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention relates to a multilayer ceramic
capacitor in which interface separation phenomena between a
conductive resin layer included 1 an external electrode and
an electrode layer, and between the conductive resin layer and
a plating layer, are decreased, and a method of manufacturing

the same.

2. Description of the Related Art

In general, among ceramic electronic components, a mul-
tilayer ceramic capacitor includes a plurality of stacked
dielectric layers, internal electrodes disposed to face each
other, having the dielectric layer mterposed therebetween,
and external electrodes electrically connected to respective
internal electrodes.

Multilayer ceramic capacitors have been widely used as
components 1n computers, mobile communications devices
such as personal digital assistants (PDAs), mobile phones,
and the like, due to advantages thereot such as relatively small
s1zes, high degrees of capacitance, ease ol mounting, and the
like.

Recently, as electronic products have been mimaturized
and have had multifunctionalization implemented therein,
chip components have also tended to be minmiaturized and
have multifunctionalization implemented therein. Therefore,
a small multilayer ceramic capacitor having a high degree of
capacitance has been demanded.

To this end, a multilayer ceramic capacitor 1n which an
increased dielectric layers and internal electrode layers are
able to be stacked due to having reduced thicknesses has been
manufactured, and external electrodes for use therewith have
also been thinned.

In addition, as various functions of devices and appara-
tuses, such as vehicles or medical devices, used in fields
requiring high degrees of reliability are digitalized and
demands thereon are increased, high reliability 1s required 1n
multilayer ceramic capacitors included therein.

As factors causing problems in terms of realizing high
degrees of reliability, the infiltration of a plating solution
generated at the time of a manufacturing process, crack gen-
eration due to external impacts, and the like may be provided
as examples.

Therelore, as a means for solving the problem of a lack of
reliability, a resin composition containing a conductive mate-
rial may be applied between an electrode layer of the external
clectrode and the plating layer to absorb external impacts and
prevent infiltration of the plating solution, thereby improving
reliability.

However, 1n the case in which the conductive resin layer 1s
applied between the electrode layer of the external electrode
and the plating layer, an interface separation phenomenon
may be generated between the conductive resin layer and the
plating layer. In particular, this interface separation 1s ire-
quently generated during a process of mounting the multi-
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layer ceramic capacitor on a substrate, thereby decreasing
reliability of the multilayer ceramic capacitor.

In addition, 1n order to be applied to product groups having
a special specification and requiring a high degree of reliabil-
ity, such as electrical devices, high pressure products, and the
like, multilayer ceramic capacitors having a relatively high
degree of reliability have been demanded. Therefore, a mul-
tilayer ceramic capacitor in which interface separation phe-
nomenon between the conductive resin layer and the plating
layer 1s improved has been demanded.

RELATED ART DOCUMENT

Korean Patent No. 10-0586962

SUMMARY OF THE INVENTION

An aspect of the present invention provides a multilayer
ceramic capacitor 1n which an interface separation phenom-
enon between a conductive resin layer and an electrode layer
and between the conductive resin layer and a plating layer,
included 1n an external electrode, 1s improved, and a method
of manufacturing the same.

According to an aspect of the present invention, there 1s
provided a multilayer ceramic capacitor including: a ceramic
body including dielectric layers; first and second internal
clectrodes formed within the ceramic body and disposed to
face each other, having the dielectric layer interposed ther-
cbetween; {irst and second electrode layers disposed on outer
surfaces of the ceramic body and electrically connected to the
first and second internal electrodes, respectively; a conduc-
tive resin layer disposed on the first and second electrode
layers and contaiming copper powder; a nickel plating layer
disposed on an outer portion of the conductive resin layer; and
a copper-nickel alloy layer disposed between the conductive
resin layer and the nickel plating layer and having a thickness
of 1 to 10 nm.

The copper-nickel alloy layer may be formed on a region at
which the copper powder 1s exposed to a surface of the con-
ductive resin layer, 1n a region between the conductive resin
layer and the nickel plating layer.

The first and second electrode layers may be fired-type
clectrodes.

The first and second electrode layers may contain copper
(Cu).

The multilayer ceramic capacitor may further include a tin
plating layer disposed on the nickel plating layer.

The conductive resin layer may further contain a thermo-
setting resin, and the thermo-setting resin may be an epoxy
resin.

According to an aspect of the present invention, there 1s
provided a method of manufacturing a multilayer ceramic
capacitor, the method including: preparing a plurality of
ceramic green sheets; forming internal electrode patterns on
individual sheets among the plurality of ceramic green sheets;
stacking and firing the plurality of ceramic green sheets to
form a ceramic body including dielectric layers and first and
second internal electrodes disposed to face each other, having
the dielectric layer interposed therebetween; forming first and
second electrode layers on end surfaces of the ceramic body
to be electrically connected to one ends of the first and second
internal electrodes, respectively; applying a conductive resin
composition to the electrode layer to form a conductive resin
layer containing copper powder; and forming a nickel plating
layer on an outer portion of the conductive resin layer and a
copper-nickel alloy layer disposed between the conductive
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resin layer and the nickel plating layer, the copper-nickel
alloy layer having a thickness of 1 to 10 nm.

The method of manufacturing a multilayer ceramic capaci-
tor may further include, after the forming of the nickel plating
layer and the copper-nickel alloy layer, forming a tin plating
layer on the nickel plating layer.

The copper-nickel alloy layer may be formed on a region at
which the copper powder 1s exposed to a surface of the con-
ductive resin layer, 1n a region between the conductive resin
layer and the mickel plating layer.

The first and second electrode layers may be fired-type
clectrodes.

The first and second electrode layers may contain copper
(Cu).

The conductive resin layer may further contain a thermo-

setting resin, and the thermo-setting resin may be an epoxy
resin.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
ol the present invention will be more clearly understood from
the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a perspective view showing a multilayer ceramic
capacitor according to an embodiment of the present mven-
tion;

FIG. 2 1s a cross-sectional view taken along line A-A' of
FIG. 1;

FIG. 3 1s an enlarged view of part B of FIG. 2; and

FI1G. 4 1s a flow chart showing a method of manufacturing
a multilayer ceramic capacitor according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(Ll

Hereinafter, embodiments of the mnventive concept will be
described 1n detail with reference to the accompanying draw-
ings. The mvention may, however, be embodied 1n many
different forms and should not be construed as being limited
to the embodiments set forth herein.

Rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully convey
the scope of the invention to those skilled 1n the art.

Hereinafter, embodiments of the present invention will be
described 1n detail with reference to the accompanying draw-
Ings.

FIG. 1 1s a perspective view showing the multilayer
ceramic capacitor 100 according to an embodiment of the
present invention, while FI1G. 2 1s a cross-sectional view taken
along line A-A' of FIG. 1.

Referring to FIGS. 1 and 2, the multilayer ceramic capaci-
tor 100 according to the embodiment of the present invention
may include a ceramic body 110; and first and second external
clectrodes 130a and 1305.

The ceramic body 110 may include an active layer as a part
contributing to the formation of capacitance 1n the capacitor,
and upper and lower cover layers formed on upper and lower
portions of the active layer, as upper and lower margin parts.
The active layer may include dielectric layers 111 and inter-
nal electrodes 121 and 122, wherein a plurality of first and
second 1nternal electrodes 121 and 122 may be alternately
tormed, having the dielectric layer 111 therebetween.

In the embodiment of the present invention, a shape of the
ceramic body 110 1s not particularly limited, but may be a
hexahedral shape. The ceramic body 110 does not have a
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perfect hexahedral shape but may have a shape substantially
close to a hexahedral shape due to firing shrinkage of ceramic
powder at the time of {iring a chip, a difference 1n a thickness
according to a presence or absence of an internal electrode
pattern, and polishing on edge parts of the ceramic body.

Directions of a hexahedron will be defined in order to
clearly describe the embodiments of the present invention. L,
W and T directions provided 1n the accompanying drawings
refer to a length direction, a width direction, and a thickness
direction, respectively. Here, the thickness direction may be
the same as a direction 1n which dielectric layers are stacked.

The mternal electrode may be configured of the first and
second internal electrodes 121 and 122, wherein the first and
second 1nternal electrodes may be disposed to face each other,
having the dielectric layer 111 therebetween. The first and
second 1nternal electrodes 121 and 122, pairs of electrodes
having opposing polarities, may be formed by printing a
conductive paste containing a conductive metal on the dielec-
tric layer 111 at a predetermined thickness to be alternately
exposed to both end surfaces of the ceramic body, and be
clectrically 1nsulated from each other by the dielectric layer
111 disposed therebetween.

That 1s, the first and second internal electrodes 121 and 122
may be electrically connected to the first and second external
clectrodes 130a and 1305, respectively, through portions
alternately exposed to both end surfaces of the ceramic body
110.

Therefore, when voltage 1s applied to the first and second
external electrodes 130a and 1305, electric charges are accu-
mulated between the first and second internal electrodes 121
and 122 facing each other. In this case, the capacitance of the
multilayer ceramic capacitor 100 may be 1n proportion to an
area ol an overlapped region between the first and second
internal electrodes 121 and 122.

A thickness of the first and second internal electrodes 121
and 122 as described above may be determined according to
the use thereol. For example, the thickness of the first and
second internal electrodes 121 and 122 may be determined to
be within a range 01 0.2 to 1.0 um 1n consideration of the size
of the ceramic body 110, but the present imvention 1s not
limited thereto.

Further, the conductive metal contained 1n the first and
second internal electrodes 121 and 122 may be nickel (IN1),
copper (Cu), palladium (Pd), or an alloy thereof, but the
present invention 1s not limited thereto.

In this case, a thickness of the dielectric layer 111 may be
optionally changed according to the capacitance design of the
multilayer ceramic capacitor, but a thickness of a single layer
may be 0.1 to 10 um after firing. However, the present inven-
tion 1s not limited thereto.

Further, the dielectric layer 111 may contain a ceramic
powder having a high degree of permittivity, for example, a
bartum titanate (Ba'l10,)-based power or a strontium titanate
(SrT10,)-based power, or the like, but the present invention 1s
not limited thereto.

The upper and lower cover layers may have the same
material and configuration as those of the dielectric layer 111
except that internal electrodes are not included therein. The
upper and lower cover layers may be formed by multi-layer-
ing a single or two or more dielectric layers on upper and
lower surfaces of the active layer 1 a vertical direction,
respectively, and may generally serve to prevent the first and
second mternal electrodes 121 and 122 from being damaged
by physical or chemical stress.

The first external electrode 130a may be electrically con-
nected to the first internal electrode 121, and the second
external electrode 1305 may be electrically connected to the
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second internal electrode 122. The first external electrode
130a may include a first electrode layer 1314, a conductive
resin layer 132, a copper-nickel alloy layer 133, and a nickel
plating layer 134. The second external electrode 13056 may
include a second electrode layer 131a, the conductive resin
layer 132, the copper-nickel alloy layer 133, and the nickel
plating layer 134.

Further, the first and second external electrodes 130a and
1306 may further include a tin plating layer 135, wherein the

tinplating layer 135 may be formed on the nickel plating layer
134.

The first and second electrode layers 131q and 1315 may be
directly connected to the first and second internal electrodes
to secure electrical conduction between the external electrode

and the internal electrode.

The first and second electrode layers 131q and 1315 may
contain a conductive metal, wherein the conductive metal
may be nickel (N1), copper (Cu), palladium (Pd), gold (Au),
or an alloy thereot, but the present invention 1s not limited
thereto.

The first and second electrode layers 131a and 1315 may be
fired-type electrodes formed by firing of a paste containing
the conductive metal.

The conductive resin layer 132 may be disposed on the first
and second electrode layers 131a¢ and 1315, and the nickel
plating layer 134 may be disposed on an outer portion of the
conductive resin layer 132.

In the present specification, a direction in which the
ceramic body 110 1s present 1s referred to an inner direction of
the conductive resin layer 132, and a direction 1n which the
ceramic body 110 is not present 1s referred to an outer direc-
tion of the conductive resin layer 132.

The mickel plating layer 134 1s disposed on the outer por-
tion of the conductive resin layer 132, which may include the
case 1n which another configuration 1s disposed between the
conductive resin layer and the nickel plating layer as well as
the case 1n which the conductive resin layer and the nickel
plating layer directly contact each other.

FIG. 3 1s a view obtained by enlarging part B of FIG. 2 and
rotating the part B by 90 degrees 1n a clockwise direction.

As shown 1n FIG. 3, the conductive resin layer 132 may
contain copper (Cu) powder 132a and a base resin 1325,
wherein the base resin may contain a thermo-setting resin.
The thermo-setting resin may be an epoxy resin, but 1s not
limited thereto.

As described above, the nickel plating layer 134 1s disposed
on the outer portion of the conductive resin layer 132. The
copper-nickel alloy layer 133 may be formed between the
conductive resin layer 132 and the nickel plating layer 134,
and particularly, may be formed on a region at which the
copper powder 132a contained 1n the conductive resin layer
132 1s exposed to a surface of the conductive resin layer in the
region between the conductive resin layer 132 and the nickel
plating layer 134. That 1s, the copper-nickel alloy layer 133
may be formed on the region at which the copper powder
contained 1n the conductive resin layer 1s exposed to the
surface of the conductive resin layer in a direction toward a
nickel plating layer, between the conductive resin layer 132
and the mickel plating layer 134.

The nickel plating layer 134 may be disposed on a region at
which the copper-nickel alloy layer 133 1s not formed on an
outer surface of the conductive resin layer 132.

The copper-nickel alloy layer 133 may be formed by a
reaction between the copper powder 132a contained 1n the
conductive resin layer 132 according to the embodiment of
the present invention and the nickel plating layer 134.
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The copper-nickel alloy layer 133 may enhance adhesive
force between the conductive resin layer 132 and the nickel
plating layer 134, such that the multilayer ceramic capacitor

having stability against thermal impact may be provided.

The copper-nickel alloy layer 133 may have a thickness t of
1 to 10 nm. In the case 1n which the thickness t of the copper-
nickel alloy layer 133 1s less than 1 nm, the adhesive force
between the conductive resin layer 132 and the nickel plating
layer 134 1s similar to that of a level secured by the thermo-
setting resin contained in the conductive resin layer, and
additional adhesive force may not be obtained, such that
interface separation between the conductive resin layer and
the nickel plating layer may be generated.

Further, 1n the case 1n which the thickness t of the copper-
nickel alloy layer 133 1s above 10 nm, stress due to the plating
layer may be accumulated on the conductive resin layer by an
excessively thick copper-nickel alloy layer, such that inter-
face separation between the conductive resin layer 132 and
the first electrode layer 131a or the conductive resin layer 132
and the second electrode layer 1315 may be generated.

Therefore, the copper-nickel alloy layer 133 may have a
thickness of 1 to 10 nm.

In addition, the first and second electrode layers 131a and
1316 may contain copper (Cu). Adhesive force between the
first and second electrode layers and the conductive resin
layer may be improved by using the same metal as the copper
powder contained 1n the conductive resin layer.

EXPERIMENTAL EXAMPLE

The following Table 1 shows results obtained by evaluating,
interface adhesive force between an electrode layer and a
conductive resin layer (referred to as ‘adhesion at inner inter-
face’ 1n Table 1) and interface adhesive force between the
conductive resin layer and a nickel plating layer (referred to as
‘adhesion at outer interface’ 1n Table 1) according to thick-
nesses ol copper-nickel alloy layers.

Evaluation of the interface adhesive force was performed
by a soldering bath test. When the manufactured multilayer
ceramic capacitor was immersed 1n a soldering bath at 300°
C. for 10 minutes to apply instant thermal 1impact thereto,
whether or not interface separation occurred was measured.
In the following Table 1, the case in which interface separa-
tion occurred was represented by “NG” and the case 1n which
interface separation did not occur was represented by “OK”

TABLE 1
Thickness of
copper-nickel alloy Adhesion at Adhesion at
Sample layer (nm) inner interface outer interface
1% 0.5 OK NG
2 1 OK OK
3 3 OK OK
4 5 OK OK
5 7 OK OK
6 10 OK OK
7% 12 NG OK

*Indicates Comparative Example.

As shown 1n Table 1, 1n the case 1n which the thickness of
the copper-nickel alloy layer was less than 1 nm, outer inter-
face separation 1 which the conductive resin layer and the
nickel plating layer were separated from each other occurred
in the soldering bath test, and in the case 1n which the thick-
ness of the copper-nickel alloy layer was above 10 nm, inner
interface separation that the conductive resin layer and the
clectrode layer were separated from each other occurred.
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Therelore, 1t may be confirmed by Experimental Example
that the thickness of copper-nickel alloy layer may be within

the range of 1 to 10 nm, as described above.

According to the embodiment of the present invention, the
copper-nickel alloy layer having the suitable thickness is
present, such that interface separation between layers
included 1n the external electrode may be prevented. Particu-
larly, the multilayer ceramic capacitor capable of having rela-
tively high resistance against thermal impact generated when
the multilayer ceramic capacitor 1s mounted on a substrate
may be provided.

Method of Manufacturing Multilayer Ceramic
Capacitor

FIG. 4 1s a manufacturing tlow chart showing a method of
manufacturing a multilayer ceramic capacitor according to
another embodiment of the present invention.

Referring to FIG. 4, the method of manufacturing a multi-
layer ceramic capacitor according to the embodiment of the
present invention may include preparing a plurality of
ceramic green sheets; forming internal electrode patterns on
individual sheets among the plurality of ceramic green sheets;
stacking and firing the plurality of ceramic green sheets to
form a ceramic body including dielectric layers and first and
second 1nternal electrodes disposed to face each other having
the dielectric layer interposed therebetween; forming first and
second electrode layers on end surfaces of the ceramic body
to be electrically connected to one ends of the first and second
internal electrodes, respectively; applying a conductive resin
composition to the electrode layer to form a conductive resin
layer containing copper powder; and forming a nickel plating
layer on an outer portion of the conductive resin layer and a
copper-nickel alloy layer disposed between the conductive
resin layer and the nickel plating layer, the copper-nickel
alloy layer having a thickness of 1 to 10 nm.

Hereinafter, the method of manufacturing a multilayer
ceramic capacitor according to the embodiment of the present
invention will be described, but the present invention 1s not
limited thereto.

In addition, 1n descriptions of the method of manufacturing
a multilayer ceramic capacitor according to the present
embodiment, a description overlapped with that of the above-
mentioned multilayer ceramic capacitor will be omatted.

In the method of manufacturing a multilayer ceramic
capacitor according to the embodiment of the present mnven-
tion, first, slurry containing powder such as barium titanate
(BaTi0,) powder, or the like, may be applied to a carrier film
and dried, to prepare a plurality of ceramic green sheets,
thereby forming the dielectric layer and the cover layer.

The ceramic green sheet may be manufactured by mixing
the ceramic powder, a binder, and a solvent to prepare the
slurry and manufacturing the preparing slurry 1in a sheet shape
having a thickness of several um by a doctor blade method.

Next, the conductive paste for an internal electrode, con-
taining nickel powder, may be prepared.

After the conductive paste for an internal electrode 1s
applied to the green sheet by a screen printing method to form
the internal electrode, a plurality of green sheets on which the
internal electrode 1s printed may be stacked, and a plurality of
green sheets on which the internal electrode 1s not printed
may be stacked on upper and lower surfaces of this multi-
layer body, followed by firing, thereby manufacturing the
ceramic body 110. The ceramic body may include the internal
clectrodes 121 and 122, the dielectric layer 111, and the cover
layer, wherein the dielectric layer 1s formed by firing the
green sheet on which the internal electrode 1s printed, and the
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cover layer 1s formed by firing the green sheet on which the
internal electrode 1s not printed.

-

I'he internal electrode may be formed as the first and sec-
ond 1nternal electrodes.

-

T'he first and second electrode layers 131a and 1315 may be
formed on an outer surface of the ceramic body to be electr-
cally connected to the first and second internal electrodes,
respectively. The first and second electrode layers may be
formed by firing a paste containing a conductive metal and
glass.

The conductive metal 1s not particularly limited, but may
be, for example, at least one selected from a group consisting,
of copper (Cu), silver (Ag), nickel (N1), and an alloy thereof.
As described above, the conductive metal may contain copper
(Cu).

The glass 1s not particularly limited, but may be a material
having the same composition as that of glass used to manu-
facture an external electrode of a general multilayer ceramic
capacitor.

The conductive resin composition containing copper may
be applied to outer portions of the first and second electrode
layers, thereby forming the conductive resin layer 132. The
conductive resin composition may contain copper powder
and a base resin, wherein the base resin may be an epoxy
resin, a thermo-setting resin.

The nickel plating layer 134 may be formed after the con-
ductive resin layer 1s formed. The nickel plating layer needs to
be formed so that the copper-nickel alloy layer 133 has a
thickness of 1 to 10 nm between the conductive resin layer
and the nickel plating layer. In order to form the copper-nickel
alloy layer 133 to a thickness of 1 to 10 nm, process variables
such as a concentration of a nickel plating solution, pH, a
plating time, and the like, may be adjusted.

The copper-nickel alloy layer 133 may be formed on a
region at which the copper powder 1s exposed to a surface of
the conductive resin layer, 1n a region between the conductive
resin layver 132 and the nickel plating layer 134.

Further, the method of manufacturing a multilayer ceramic
capacitor may further include forming a tin plating layer 135
on the nickel plating layer.

As set forth above, according to the embodiments of the
present invention, the multilayer ceramic capacitor 1n which
an 1nterface separation phenomenon between the conductive
resin layer and the electrode layer and between the conductive
resin layer and the plating layer, included in the external
clectrode, 1s improved, and a method of manufacturing the
same, may be provided.

While the present invention has been shown and described
in connection with the embodiments, 1t will be apparent to
those skilled 1n the art that modifications and variations can be
made without departing from the spirit and scope of the
invention as defined by the appended claims.

What 1s claimed 1s:

1. A multilayer ceramic capacitor comprising;:

a ceramic body including dielectric layers;

first and second internal electrodes formed within the
ceramic body and disposed to face each other, having the
dielectric layer interposed therebetween;

first and second electrode layers disposed on outer surfaces
of the ceramic body and electrically connected to the
first and second internal electrodes, respectively;

a conductive resin layer disposed on the first and second
clectrode layers and containing copper powder;

a nickel plating layer disposed on an outer portion of the
conductive resin layer; and
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a copper-nickel alloy layer disposed between the conduc-
tive resin layer and the nickel plating layer and having a

thickness of 1 to 10 nm.

2. The multilayer ceramic capacitor of claim 1, wherein the
copper-nickel alloy layer 1s formed on a region at which the
copper powder 1s exposed to a surface of the conductive resin
layer, 1n a region between the conductive resin layer and the
nickel plating layer.

3. The multilayer ceramic capacitor of claim 1, wherein the
first and second electrode layers are fired-type electrodes.

4. The multilayer ceramic capacitor of claim 1, wherein the
first and second electrode layers contain copper (Cu).

5. The multilayer ceramic capacitor of claim 1, further
comprising a tin plating layer disposed on the nickel plating
layer.

6. The multilayer ceramic capacitor of claim 1, wherein the
conductive resin layer further contains a thermo-setting resin.

7. The multilayer ceramic capacitor of claim 6, wherein the

thermo-setting resin 1s an epoxy resin.
8. A method of manufacturing a multilayer ceramic capaci-
tor, the method comprising:
preparing a plurality of ceramic green sheets;
forming internal electrode patterns on individual sheets
among the plurality of ceramic green sheets;
stacking and firing the plurality of ceramic green sheets to
form a ceramic body including dielectric layers and first
and second internal electrodes disposed to face each
other, having the dielectric layer interposed therebe-
tween;
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forming first and second electrode layers on end surfaces of
the ceramic body to be electrically connected to one
ends of the first and second internal electrodes, respec-
tively;

applying a conductive resin composition to the electrode

layer to form a conductive resin layer containing copper
powder; and

forming a nickel plating layer on an outer portion of the

conductive resin layer and a copper-nickel alloy layer
disposed between the conductive resin layer and the
nickel plating layer, the copper-nickel alloy layer having
a thickness of 1 to 10 nm.

9. The method of claim 8, further comprising, after the
forming of the nickel plating layer and the copper-nickel alloy
layer, forming a tin plating layer on the nickel plating laver.

10. The method of claim 8, wherein the copper-nickel alloy
layer 1s formed on a region at which the copper powder 1s
exposed to a surface of the conductive resin layer, 1n a region
between the conductive resin layer and the nickel plating
layer.

11. The method of claim 8, wherein the first and second
clectrode layers are fired-type electrodes.

12. The method of claim 8, wherein the first and second
clectrode layers contain copper (Cu).

13. The method of claim 8, wherein the conductive resin
layer further contains a thermo-setting resin.

14. The method of claim 13, wherein the thermo-setting
resin 1S an epoxy resin.
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